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Claims 



1. A method for manufacturing base material for optical 
fibers, characterized by the base material for optical fibers 
having a core made of essentially pure silica glass, involving 
the operation step in which the pure silica glass fine-grain 
deposit is heated and vitrified, and after the deposit is 
subjected to a dewatering/reducing treatment by heating at a 
temperature of 900-1100°C in an inert gas atmosphere containing a 
dewatering/reducing gas, vitrification is carried out. 

2. The method for manufacturing base material for optical 
fibers described in Claim 1, characterized by the fact that the 
dewatering/reducing gas comprises CCI4 and O2 with a molar 
concentration ratio in the range of o.s^o,/o«4<t 

3. The method for manufacturing base material for optical 
fibers described in Claim 1, characterized by the fact that the 
dewatering/reducing gas comprises CO and CI2. 

4. The method for manufacturing base material for optical 
fibers described in Claim 1, characterized by the fact that the 
dewatering/reducing gas is SOCI2. 

5. The method for manufacturing base material for optical 
fibers described in Claim 1, characterized by the fact that the 
dewatering/reducing gas is S2CI2. 

6. The method for manufacturing base material for optical 
fibers described in any of Claims 1-5, characterized by the fact 
that the inert gas is He. 



4 

Detailed explanation of the invention 
Industrial application field 

This invention pertains to a method for manufacturing base 
material for optical fibers. More specifically, this invention 
pertains to a method for manufacturing base material for the core 
of optical fibers, with said core being made of essentially pure 
silica glass. 

Prior art 

Compared with the optical fibers having a core containing 
additives (usually Ge02) for adjusting its refractive index, the 
optical fibers having a core made of essentially pure silica 
(SiOa) glass have a smaller increase in the loss of tra;nsmission 
induced by radioactive rays or hydrogen. Consequently, they has a 
higher reliability for use as optical-fiber cables that can be 
applied in a radioactive environment or in an environment 
characterized by the danger of diffusion of hydrogen. In 
addition, since no additive is included in the core in the 
initial state, it is possible to suppress the Rayleigh 
scattering. As a result, it is possible to obtain an optical 
fiber with a low transmission loss. 

Table I lists the specific examples of the structure of 
optical fibers made of a pure silica core. Using fluorine-doped 
silica glass (F-SiOz glass) or a resin having a low refractive 
index as the clad, optical fibers having various structures can 
be formed. 
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Table I- Examples of structures of optical fibers having a pure 
silica core 
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Problems to be solved by the invention 

In the prior art, as a method for preparing the core portion 
of the optical fibers of this type with a good productivity, a 
deposit of fine grains of SiOz glass is formed by the flame 
hydrolysis reaction of the glass feed material using the VAD 
method or the like, followed by heating for dewatering and for 
vitrification. 

However, for the optical fibers with a pure silica (referred 
to as pure SiOi hereinafter) core prepared using the base 
material manufactured using the aforementioned method, the 
absorption of light at a wavelength of 0.63 um is significant. 



This is a disadvantage. Although wavelength of 0.63 um is 
different from the light wavelength for transmission, it is 
A believed to be due to the p resence of the nonbridging oxygen 



/ associated hole centers (abbreviated as NBOHC) ; this deteriorates 
/ the hydrogen-resistance characteristics, and causes degradation 

of the long-term stability and reliability of the optical fibers. 
\ Consequently/ this is a major problem that hampers the practical 
\ use of the optical fiber. 
^ The purpose of this invention is to solve the aforementioned 
problems of the conventional technology by providing a method for 
manufacturing base material for optical fibers with few such hole 
centers . 



Means to solve the problems 

In order to realize the aforementioned objective, the 
present inventors have performed extensive research on the method 
for manufacturing the base material for optical fibers. As a 
result of this research work, it was found that the amount of the 
hole centers is closely related to the composition of the 
atmosphere in the heating dewatering treatment of the deposit of 
the fine glass grains used for the core. 

That is, when the Si02 glass is drawn to a wire form under a 
high tension, a high absorption at 0.65 urn takes place. Although 
the mechanism has not yet been fully determined, a reasonable 
explanation is that as the bonds of = si-o-o-si a 

in the base material are cut to form s st-o * hole 
centers, absorption at 0.63 \m takes place. In order to reduce 
the ™ 31-o-o-st " in the core material, the present 

inventors found a method in which a reducing atmosphere with a 
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low er oxygen content is used when_a core m aterial (deposit of 
fine grains of pure SiOz glass) formed using the VAD method is 
subjected to a dewatering/vitrif ication treatment. In this way, 
the present invention was reached. 

That is, the present invention provides a method for 
manufacturing base material for optical fibers, characterized by 
the fact that when the base material for optical fibers having a 
core made of essentially pure silica glass, in the operation step 
in which the pure silica glass fine grain .deposit is heated and 
vitrified, after the deposit is subjected to a 

dewatering/reducing treatment by heating at a temperature of 900- 
110O''C in an inert gas atmosphere containing a 
dewatering/reducing gas, vitrification is caroried out. 

According to this invention, the dewatering/reducing gas is 
a gas consisting of CCI4 and O2, or a gas consisting of CO and Ck. 
It is preferred that SOCI2 or SzCL; be used . When a gas mixture of 
CCI4 and O2 is used, it is necessary~that the molar concentration 
be in the range of o.s^ o,/cc^, < 1 * . Also, it is preferred 
that He gas is used as the inert gas. 

According to this invention, the deposit of fine grains of 
glass prepared using the VAD method or other conventional 
technology (the soot body) is subjected to a dewatering treatment 
by heating at a temperature of 900-110000 in an atmosphere 
containing both a reducing gas and a dewatering gas. The 
atmosphere containing both the reducing gas and dewatering gas is 
an atmosphere consisting of CCI4 and 0,, CO and O2, SOCI2, or 
S2CL2, mixed_with He, Ar, or ^ther inert gas, preferably He. In 
thfcase ofCCl7~arrd-0?7''Thr7oncentrations of the two 
ingredients should be adjusted to the range of 



0 s^oj/cc/, < 1 • The reason for this requirement will be 

explained in the section on functions. 

The time for the dewatering treatment can be selected 
appropriately corresponding to the size of the soot body. The 
heating means include a soaking furnace and zonal furnace. Either 
may be used. 

After the. aforementioned dewatering treatment, the soot body 
is heated at a temperature as high as about 1600«C for 
vitrification to form a transparent glass body used for the core 
(base material for core) . In this case, the atmosphere may be 
identical to that in the dewatering treatment, or it may consist 
of He or some other inert gas alone. 

Figure 1(A) illustrates the case in which a soalcing furnace 
is used. Soot body (25) is accomodated inside furnace core tube 
(22), and heating is performed by heater portion (24) having a_ 
length equal to the entire length of the soot body. The 
atmosphere gas is fed through inlet (28), and the gas is 
exhausted from outlet (29) after passing through flowmeter (26) 
and valve (27). (21) represents a supporting rod, and (25) 
represents the furnace. 

When a zonal furnace is used, as shown in Figure 1(B), soot 
body (25) accommodated in furnace core tube (22) is pulled up or 
pushed down at a prescribed speed to pass through furnace (23) 
having a short heater portion (24) while being heated. Feeding 
and exhaustion of the atmosphere gas are performed the same as in 
Figure 1 (A) . 
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Function 

The function of the atmosphere gas in the dewatering step in 
this invention can be explained with reference to an atmosphere 
consisting of CCI4 and O2 as an example. When CCI4 and O2 are fed 
into the heating furnace, the following reaction takes place: 

(1) CC/^ -H f Oj ^ CO -h 2 C/j 

As a result, CO gas, a reducing agent, is generated as shown in 
said equation (1) . In this case, the ratio of the flow rate of 
CCI4 to O2 is preferably within the following. range : 

(2) 0.5 ^ Oj/cc/^ < t 

When O2/CC/4 < 0.5 , the reaction represented by 

the following equation (3) takes place, and C (carbon) is 
deposited to form the soot. 

(3) (2+a)CC/4 + Oj 2 C0+ 2(2-Hi)C/j+n'C 

On the other hand, when 0^/00^4 > \ , the 

reaction takes place as in the following equation (4), and the 
amount of O2 in the atmosphere becomes excessive. 

(4) CC/4 -h( 1-Hi)0j -* COj 2 C/j +nOj 

By means of the atmosphere containing both the CI2 gas 
having a dewatering function and CO gas having a reducing 
function, dewatering and vitrification take place, and the 
content of oxygen in the glass is reduced. Consequently, for the 
optical fiber prepared by wire drawing, there are fewer hole 
centers . 
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Application examples 
Application Example 1 

As shown in Figure 1(B) and under conditions of the zonal 
furnace listed in Table II, the deposit of fine grains of pure 
Si02 glass prepared using the VAD method was subjected to a heat 
treatment at various oxygen flow rates x (cc/min) . 

Table II 
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Treatment 
Conditions 
Temperature 
Atmosphere: flow rate 
Dewatering/ reducing 
Vitrification 
Min 

The obtained pure silica glass base material used for the 
core was heated at ISOCC in an electric resistance furnace, and 
was drawn to 10 mm in diameter. The base material was used as 



Key: 1 
2 
3 
4 
5 
6 
7 
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feed material (1) for the structure shown in Figure 2 to form 
porous glass body (2) with its peripheral portion made of Si02 
alone- (3) represents a burner for synthesis. Under the 
conditions listed in Table III, said porous glass body (2) was 
subjected to dewatering, fluorine doping, and heat treatment for 
vitrification to form a transparent glass. 

Table III 
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Key: 1 Treatment step 

2 Conditions 

3 Temperature 

4 Atmosphere: flow rate 

5 First round 

6 Second round 

7 Third round 

8 Min 

The obtained vitrified glass body was drawn again in an 
electric resistance furnace to 100 mm in diameter, followed by 
the attachment of soot using the same method as above. Under the 
conditions listed in Table III, dewatering/reducing, fluorine 
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doping, and vitrification treatment were performed. From the 
obtained transparent glass body having a pure silica core and a 
fluorine-doped clad, a 125-um-diameter wire was drawn at a linear 
speed of 100 m/min and a tension of 10 g. The refractive index 
distribution of this fiber is shown in Figure 3. Also, the 
relationship between the absorption Aa of the optical fibers at 
0.63 um and the O2 flow rate (cc/min) in the case of core 
dewatering was studied, with the results shown in Figure 4. When 
the ratio of CCI4/O2 becomes larger than unity, Aa rises rapidly. 
Also, the absorption Aa (dB/km) at 0.63 urn corresponds to the 
increment in the transmission loss of the optical fibers in 
relation to the transmission loss of the pure Si02 free of hole 
centers as shown in Figure 5. 



Application Example 2 

The operation was performed under the same conditions as 
those listed in Table II, except that for dewatering and 
vitrification of the deposit of fine grains of glas5 used for the 
core prepared in the same way as in Application Example 1, 
200 cc/min of SOCI2 in place of "CCI4 and O2" were used as the 
reducing processing agent. In the same way as in Application 
Example 1, a base material for optical fibers wa^p-reparred,..^^hen 
fibers were formed. The obtained fibers had ^ of 1.0 dB/km. ^ 



Application Example 3 



The operation was performed under the same conditions as 
those listed in Table II, except that for dewatering and 
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vitrification of the deposit of fine grains of glass used for the 

core prepared in the same way as in Application Example 1, 

300 cc/min of CO and 600 cc/min of CI2 in place of "CCI4 and O2" 

were used as the reducing processing agent. In the same way as in 

Application Example 1/ a base material for optical fibers was 

prepared/ forming fibers. The obtained fibers had a Aa of 

1.5 dB/km. — - 

Application Example 4 

The operation was performed in the same way as in 
Application Examples 2 and 3 and under the conditions listed in 
Table II, except that 200 cc/min of S2CI2 in place of 
"CCI4 and O2" were used. In the same way as in Application 
Example 1, a base material for optical fibers was prepared, 
forming fibers. The obtained fibers had a dot as low as 0.7 dB/km. 



Comparative Example 1 

The operation was performed in the same way as in 
Application Example 1, except that 600 cc/min of CI2 in place of 
"CCI4 and O2" were used. The obtained fiber had a Aa as high as 
30 dB/km. 

Comparative Example 2 

The operation was performed in the same way as in 
Application Example 1, except that 600 cc/min of CI2 and 
600 cc/min of O2 ij:v'"place'^&»f"CCl4 and O2" were used. The obtained 
fiber had Aa as hrgiLas 60 dB/)atr>\ 



As explained in the above, using the base material for the 
core prepared by a dewatering/reducing treatment, it is possible 
to reduce the absorption at 0.63 urn for all of the fibers in 
Application Examples 1-4. On the other hand, for the optical 
fibers prepared in Comparative Example 1 using a conventional 
CI2/H2 atmosphere, the absorption at 0.63 urn is high. For the 
optical fiber prepared in Comparative Example 2 in which a 
dewatering treatment is carried out in an oxidative atmosphere, 
the absorption at 0.63 vm is very high. Consequently, it can be 
seen that the method of this invention can manufacture base 
material for optical fiber with few hole centers. 

Effect of the invention 

According to this invention, the deposit of fine grains of 
pure Si02 glass is heated in a reducing atmosphere for a 
dewatering treatment. Consequently, the content of oxygen in the 
glass can be reduced, and the absorption at 0.63 \m can be 
lowered. As a result, the method of this invention can 
manufacture highly reliable base material for optical fibers with 
excellent hydrogen resistance characteristics. 

Brief description of the figures 

Figures 1(A) and (B) are schematic diagrams illustrating the 
embodiment of this invention. Figure 1(A) shows the case in which 
a soaking furnace is used. Figure KB) shows the case in which a 
zonal furnace is used; Figure 2 is a diagram schematically 
illustrating the step of attachment of soot of the clad portion 
in an application example of this invention. Figure 3 is a 



diagram illustrating the refractive-index distribution of the 
optical fiber obtained in Application Example 1. Figure 4 is a 
diagram illustrating the variation in the absorption (Aa) at 
0.63 um when the oxygen amount (x cc/min) and the ratio of 
O2/CCI4 were changed. Figure 5 is a diagram illustrating the 
absorption (Aa) at 0,63 urn. 




Figure 2 
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Figure 3 



Key: 1 Pure Si02 

2 Fluorine-doped Si02 

3 Difference in specific refractive index 

4 Radial direction 
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Figure 4 

Key: 1 Flow rate of oxygen 
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Figure 5 



Key: 1 Loss in transmission 
2 Wavelength 



